Aims: In Germany, the final year of undergraduate medical education ('practice year') consists of three 16-week Conclusion: The knowledge test used in this study provides a suitable external tool to assess progress of undergraduate medical students in their knowledge during the practice year. The pre-test may be used to
Introduction
Medical students in Germany spend their final year of undergraduate medical studies, the so-called "practice year", full time in a clinical environment. While all students are required to spend 16 weeks each in internal medicine and general surgery, they can choose one additional specialty rotation for the remaining 16 weeks of their practice year. Until 2012, the practice year was followed by a final National Licensing Examination (NLE) comprising 320 multiple choice questions which cover both basic and clinical knowledge. Medical schools did not routinely offer specific training for this high-stakes examination. As a consequence, German students had to find a balance between maximizing their learning gain regarding clinical skills and meeting the assessment requirements regarding basic and clinical knowledge during the final year. In the absence of formal assessments during this year, students were unable to monitor their progress. Progress testing is designed to foster learning processes that are characterized as meaning oriented in contrast to reproduction oriented learning [1] . Several countries have developed progress tests to measure general medical knowledge progression of their medical students [2] , [3] , [4] . Furthermore, some students use the feedback provided by progress testing to guide their own learning activities [5] . Thus, a formative test of knowledge for final year students at the beginning and end of the practice year might be a helpful tool to provide feedback regarding knowledge gain during the final year. This study uses a 150 item multiple-choice knowledge test which had ori-ginally been designed as a suitably balanced and nonbiased test for the comparison of final year students from different European countries [6] . For the purpose of the present study, the test was administered at two German universities. The primary aim of this study was to assess the increase in overall knowledge as assessed with this test during the practice year. We hypothesized that exam scores would be significantly higher at the end of the practice year as exposure to a clinical environment might also foster the acquisition of factual knowledge. We expected this effect to be most pronounced in those subject areas that students specifically addressed during their 16-week specialty rotation.
Methods

Use of multiple-choice questions
It has been shown that multiple-choice questions (MCQs) are a valid method of assessing cognitive knowledge [7] . MCQ examinations can yield high reliability which is an important requirement to be able to distinguish between groups or individuals [8] . Furthermore, well-constructed MCQs can also assess higher-order cognitive processes such as interpretation and application of knowledge skills rather than just testing the recall of facts [9] . Different formats of MCQs have been designed, including variations on the number of item branches. The United States Medical Licensing Examinations (USMLE) typically include single best answer questions with five branches, and the same format is used in the German NLE.
Selection of examination items
We used a 150-item knowledge test that was compiled from 1000 -freely available United States Medical Licensing Examination Step 2 type items [10] . Initially, 300 items had been selected and adapted according to the following criteria:
1. All items had to belong to major medical disciplines:
general medicine, anaesthesiology & emergency medicine, internal medicine, surgery, urology, obstetrics and gynaecology, paediatrics, neurology, psychiatry, clinical pharmacology. Small disciplines like earnose-and-throat or dermatology were excluded. 2. All items were based on patient cases. 3. Diseases specific to the Americas (e.g. Rocky Mountain spotted fever) were not included. 4. Items including figures of any sort (e.g. X-rays or ECGs)
were excluded for copyright reasons. 5. Answers for each question all had to belong to the same category (e.g. diagnostics, therapy or other). Items including, for instance, two diagnostic and three therapeutic answers were not chosen, or adapted to fit this criterion. 6. If different items covered the same topic or disease, only one item was included.
In February 2011, the 300 selected items plus answers were reviewed by five recent medical graduates from both Hamburg and Utrecht University in the Netherlands (total n=10) to identify items which seemed appropriate in more than one European country. Every rater was asked to choose 50% of the items to match best the expected content level of graduates in their country, with a fixed number per discipline to ensure content validity. The final test included 150 items chosen by at least 2 of the 5 raters from each country. A suitability score was calculated eventually for the final test by checking for difficult versus easy items and basic science versus clinical knowledge items by one rater per country resulting in a well balanced test with intraclass correlations of 0.85 and 0.71, respectively. A pilot test with a total of 56 students from Germany and the Netherlands yielded a Cronbach's alpha for internal consistency of 0.79 [6] .
Application of the formative pre-and post-tests
A German version of this newly developed test was used in our project as a formative pre-and post-test for final year undergraduate medical students in Germany, offered to 286 students (164 students in Göttingen and 122 students in Hamburg) at the beginning of their practice year (April 2011). Students received an e-mail outlining the study rationale and aims and were invited to participate in the pre-test. Students were also informed that they would be released from their clinical duties on the day of the test; this had been agreed upon with all teaching hospitals at both study sites. A second test featuring the same items as the first one was offered to the same student groups at the end of their final year, just before students started to prepare for their NLE in spring 2012. Questions and answers were not made available to study participants and all papers were collected after writing the test. However, students were informed about their results via e-mail. Socio-economic data and information on study time spent abroad and choice of specialty rotation of participating students were also recorded, and participation was voluntary. This study was approved by the Hamburg State Ethics Committee.
Data collection and statistical analysis
Data collected on questionnaires and examination papers were manually transferred to the statistical software package SPSS 19.0 (SPSS Inc., Chicago, Illinois, USA). Differences between the two student cohorts participating in the pre-and the post-test, respectively, were assessed using χ 2 -tests (dichotomous variables) and t-tests (continuous variables). Effect sizes were calculated as Cohen's d with values of 0.2 indicating small and values of 0.8 indicating large effects [11] . Item characteristics of the pre-and post-examination were assessed in terms of item difficulty, corrected item-total correlations and Cronbach's α as a measure of internal consistency. In order to detect a difference in exam percent scores of 3% (e.g., 68%
versus 65% with standard deviations of 6.5% in each group) at a significance level of 5% with a statistical power of 80%, a minimum of 58 students had to be enrolled to participate in both the pre-and the post-test (equivalent to a longitudinal response rate of 20%). We chose a 3% difference as important as it usually represents approximately one-third of a step in the German marking system. Data are presented as mean±standard deviation or percentages (n), as appropriate. Significance levels were set to p<0.05.
Results
Response rate and subject characteristics
The pre-test was taken by 77 students, and the post-test was taken by 79 students (response rates 26.9% and 27.6%, respectively). The proportion of female students was 66.2% in the pre-and 73.4% in the post-test, respectively. Response rates were higher in Hamburg and differed slightly between the pre-and the post-test at both study sites (Hamburg: 45/122 (36.9%) versus 58/122 (47.5%); Göttingen: 32/164 (19.5%) versus 21/164 (12.8%)). A total of 47 students took both the pre-and the post-test. Subject characteristics of the two cohorts are displayed in Table 1 . As expected, students taking the post-test were significantly older than students taking the pre-test. There were no significant differences between the cohorts regarding gender, mother tongue, previous vocational training, spending parts of the practice year abroad and choice of the specialty rotation.
Item analysis
Cronbach's α of the pre-and post-test was 0.75 and 0.68, respectively. Item difficulty ranged from 0.03 to 1.00 (mean 0.64) in the pre-and from 0.04 to 1.00 (mean 0.69) in the post-test. The percentage of items with a difficulty between 0.4 and 0.8 was 56.7% (n=85) and 50.7% (n=76) in the pre-and post-test, respectively. Corrected item-total correlations of exam items ranged from -0.20 to 0.39 (mean 0.13) in the pre-and from -0.32 to 0.45 (mean 0.10) in the post-test. The percentage of items with positive discriminatory power was 85.3% (n=128) and 70.7% (n=106) in the pre-and post-test, respectively.
Student performance
Students achieved a mean percent score of 63.9±6.9 in the pre-and 69.4±5.7 in the post-test. (T(154)=-5.376; p<0.001; t-test for independent samples). The effect size of this difference calculated as Cohen's d was 0.87, indicating a large effect. A test for dependent samples in the subset of 47 students who took both tests yielded a similar result: 64.6±6.7 in the pre-and 69.6±5.3 in the post-test (T(46)=-7.299; p<0.001). Analysis of exam results for specific specialties (see Table 2 ) revealed that students who had chosen anaesthesiology & medical emergencies as their specialty rotation performed no better in items related to anaesthesiology & medical emergencies in the post-test than students who had chosen any other specialty (11.7±1.4 versus 11.7±1.6 out of 15 points; p=0.985), and a similar pattern of results was observed for neurology (9.9±2.0 vs. 10.2±1.8 out of 15 points; p=0.639). However, students who had chosen paediatrics achieved higher post-test scores in items related to paediatrics than students who had chosen any other specialty (13.6±1.3 vs. 11.6±1.5 out of 15; p<0.001; Cohen's d=1.40), and the same was true for obstetrics and gynaecology (7.8±1.3 vs. 6.7±1.4 out of 10 points; p=0.017; Cohen's d=0.81). Anecdotally, five out of the 14 students who had chosen paediatrics as their specialty rotation answered all paediatrics items correctly. In contrast, only one out of the 65 students who had chosen a specialty other than paediatrics answered all paediatrics items correctly.
Discussion
Using a 150-item test consisting of USMLE type items as a formative pre-and post-test for final year students in Germany, this study demonstrates a significant increase in knowledge levels after the practice year of undergraduate medical education. This increase appeared to be greatest regarding items related to students' specialty choices. A critical appraisal of individual performance levels by means of a formative test might be helpful to guide students' self-study during this year. To this date, no validated knowledge test has been available for this purpose. Our newly developed test might close this gap by providing a tool for formative assessment of medical students in their final year. In fact, individual feedback from several study participants indicated that they appreciated being able to assess their own knowledge under simulated 'exam conditions' and that they used their pretest results to guide individual learning during the practice year.
Increase in exam performance levels during the practice year
Overall, performance levels as assessed in the post-test were rather low, and there are a number of potential explanations for this finding. Given that we used a formative rather than a summative exam, students might not have been sufficiently incentivized to achieve the maximum scores they would have been able to score [12] . On the other hand, it might be hypothesized that students participating in the study were highly motivated to know more about their performance level and would thus have tried the best they could to answer the exam items. However, they also might not have been used to the wording in the USMLE type item format. Even taking into account these potential limitations, the increase from the pre-to the post-test results observed of the total available score in each specialty. P values were derived from independent t-tests.
in this study indicates that this formative test provided a valid estimate of student performance levels. In our pretest sample (i.e., students who had just completed a fiveyear undergraduate medical curriculum and who self-selected to participate in the time-consuming activity of taking a 150-item examination), the average percent score was as low as 64%. As a percent score of 60% is usually needed to pass the German NLE, this would translate into a 75% pass rate (58 out of 77 students taking the pre-test) in this highly motivated sample. At the end of the practice year, the average percent score was below 70%, and five out of 79 students taking the post-test scored less than 60% of the available points. While it is somewhat reassuring to see that a majority of students would pass the exam used in this study even before entering the practice year, the moderate performance in the post-test is an important finding as the average percent score reported for the spring 2012 NLE in At first glance, the increase in performance from the preto the post-test might seem surprising as exposure to clinical practice during the final year of medical education would not be expected to increase factual knowledge as assessed in the test due to a lack of constructive alignment between teaching and assessment format [13] . However, it may be hypothesized that students working on the wards encounter a number of opportunities to increase their factual knowledge. Dealing with clinical cases prompts students to build on and expand their knowledge, particularly in the presence of experienced physicians who provide informal teaching during ward rounds. In addition, being involved in patient care is likely to increase student motivation to learn. Vice versa, our finding of students achieving particularly high scores in items related to their specific specialties might reflect a higher motivation to engage in self-directed learning activities regarding their chosen specialty rotation (i.e., higher a priori motivation). Curricular representation of these subjects (i.e., paediatrics, obstetrics and gynaecology) might be partially responsible for this finding. Alternatively, additional teaching in these specialties during the practice year might have been of particularly high quality. However, we did not formally assess teaching quality in the seven different specialties chosen by study participants.
Strengths and limitations
We used specific quality criteria during the selection process for items to be included in the test [14] :
1. selected MCQs were to test important material which was appropriate for the level of training, 2. the stems of the MCQs were mostly case vignettes which contained the majority of information in a focused manner, 3. the five answers were homogeneous in content, length, and grammar.
Even though we used USMLE type items that study participants were not familiar with, this is unlikely to have significantly impacted on our results as this 'origin bias' has been shown to be small when new item formats are presented to advanced undergraduate medical students [15] . Despite careful selection of test items resulting in a balanced examination, item characteristics and internal consistency of the exam were suboptimal. However, similar Cronbach's α values have been reported in a study on different multiple-choice question formats [16] , and a recent analysis of data derived from 10 years of postgraduate progress testing in obstetrics and gynaecology yielded even lower values [17] . We cannot pin-point the reason for the relatively low internal consistency of our test and the ones referred to above. At the very least, this appears to be a problem frequently encountered with formative tests of clinical knowledge. It might be hypothesized that the student group self-selecting for participation in our study was relatively homogeneous with respect to performance levels. This might have reduced the variance in test results and thus decreased Cronbach's alpha. More research is needed to determine the impact of the heterogeneity of participating students and/or of the items included in the test on its psychometric properties.
Testing bias (i.e., better performance in the post-test due to students having seen the same items in the pre-test) is unlikely as the pre-and post-tests were taken many months apart and answers had not been distributed after the pre-test. We initially chose a longitudinal design for this study. Power analysis was based on an anticipated response rate of 20%, but the longitudinal sample contained only 16.4% of eligible students. In order to assess the primary endpoint of the study, all students providing data at both time points were included in the analysis, yielding a response rate of over 25%. As a consequence, the test used in this study cannot be referred to as a true 'progress test' as this would have required all students to participate in both tests. The overall small response rate raises concern that selection bias might have impacted on study results. Accordingly, we cannot rule out the possibility that the difference between pre-and posttest results is due to students taking the post-test having genuinely higher performance levels than students taking the pre-test. However, given the overlap between the two cohorts, this is unlikely to completely explain the difference.
Conclusions
A US-based test for medical knowledge used in this study provides a tool for formative assessment of the progress of knowledge for undergraduate medical students in their final practice year. The pre-test may be used by students to guide their individual learning behaviour during the practice year, and the post-test could help them to identify specific areas in which more thorough preparation may be necessary to improve their basic and clinical knowledge. Literatur
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